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1.0 gmERL

The items described below are classified, to the best kmowledge of ACL as new
Technolory, as defined by N.A.S.A.'s interpretation of the "New Technology”
reportiny clanse in the contrast. A1l itews vere described in monthly progress
renorts. .

2.0 RWSORTATL® TTOM3

My

2.1.1 Problem: Mrazing drawn Tungsten vire to thin-wall thermochemically

” formed Tunraten tuabing, or to other Tmpsten wire, or qustcn-
Fhenism alloys to Tungster. Previ&zs attempts to performs the

N brazement. had resulted in serions oxidation of the Tungsten or
the alloy, with acconpanyi;xg detcrioration Various trazing

materials had Loen tried without sccers.

 2.1.2 The Solution: Thin Tungston wire (.N20% dix, or less) can be cold-

formsd, but will not withstand re-bending. In joining Tungsten -
" wire to a Tungsten tubn aporoximatsly .260 inch dis., the
‘Tunzsten vire 1s first coiled to the outside diameter of the
 tube, Tn ACL's application, tvoutlo six turns vere iaoqd. Care
must be taken ta avoid reverse bending the wire. A mandrel
should te used to lsy the coil. The coil is then s}ipped
om- the tube to the desired location. A"&cmd’ coii of
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2.1.2 The %lutions (Cont'd.)

2.1.3 Votess

2.2

NMickel wire of the same diamater as the Tungsten wire is made,
and 1is threaded on the tube batween the coils of Tungnten., The

~ assombly i then placed in an oven purged with slean Argon s s,

and the oven is brousit up to temperaturs ‘lec the part iz
being observed. As the Yickel is seen to flow, the oven is
held at thnt temeraﬁm for aporoximately thirty seconds,
then ower is ciut off and the part permitted to cool. No flux

15 used, since vetting 15 acsomnlished without it.

This procnss was used in approximately thirty instances without
failare, 7P the refmctory meisl parts are massive enough to
parmit eurface 'oxidatimi, the same rasult can be ottained by

torst. brazins., lYiounver, oxtromn cure 13 required, and an exper~

fenced technician, to avoild excessive oxidation. Since Tungsten
is ~ibject to recryetallization, sach joint must be carefully

emnined vith a uicréﬁcope to dzs'.u'e that the wire & untact.

e

"

hepicsll

Tungsten. tubing,

2:2,1 Problem: .

Tharmochemic4lly formed Tungsten tubing, in the as-received
condition, has a surface consisting of sharply defined peaks

and vhlioys, as seen in a uicrosconic sxmingtion 6( radial

cross sections. 0011aose strength vas’ lovor than desired, and

the failure mode vas typicsi ir thut, onco mmd, cracks vere

A\
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2.2,1 Problems (Cont’d.)

self-propagating. Ordinsry grinding resulted 4n nuclei for
grain growth. |

&

22,2 The soluuom With the oart carefully mounted, even cuts vere taken over
the mrfne vith a fino grit wheel or belt sander. The grindins
S mrfomd slowly to avoid heating the pcrt. The surface
vis examined with s dcroscopo period!.ully during the process.
No cut vas made more than .005 below the deepest "valley” in

the surfacs, “

2,2,3 Notes: Omssion tost- shoved that the collapsing strength of the
tube vas aporaxinteﬂ, doubled. The mode of failure changed
from the typical self-propegating crack, with large Mc

| romaining vhen the tube coliipud, to & sudden tube failure
with a multitude of very small piecss ruulting. Ductility '

ms not hpmua at ambient temperatures. Parts thus treated
did, hovever, noist nucleization and exhibited a brittle to
ductile transition tqerstm of ;pproxi-tely oec.,

2.3.1 The Problem: The formation of deposited parts over a mendrel or pos-

' ) itive die uslnottuoldu tbeartofuctlng. The separ-
ation, or removal, of the mandrel over vhich thermochemtoslly
doponitod‘hnptonhfomd, hov.mpoucpmblmm
wulymbytbcengimr Pmnctamtbnu
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the absolute romwval of steel from the interior of the fin-
ins%ad oart. This is‘required because Tingaten is 'soluble in
molten steel and if any steel remains in the part when it is
heated above the melting temperature of the steel, a catas~

trophic quim can result.

2.3.2 The Solution: - 131d stea]l mndrols were formed t5 the intorior. shape of

2,3.3 "otes:

the part, to be formed. Tvery effort is made to use a one-piec
mandre?. After machining, the mandral i3 polished to a # 6 or
better finish, and 1s 100% cxamined with at least 40X binocnlar

. microsecope. Wo depressions or irregularity ~an be tolerated.

Tn symmetrical varts, the dimensions should be such that a
smnll bt finitely larger diametsr is at the back and of the
part, The “effe)ct of coefficients of”thenﬁl é;tpan;im, at
room temperature and at forming temperature, must be taken int:
acconnt. In most cases, the mandrel can then be withdrawm
after formation. Tf the mandrel should stick in the part, it
mist not be forced. The steel can be etched out with hot,

_coneontrated "wdrochlorie aecid, whicix‘ readily dttncks\tbe stee’

but does not attack either the Tungsten or the Tungsten-Rhenius

alloys.

n formation of inmsymmetrical, ofv 1rrégularly shaped parts,
the manirel arizt be etched away, to leave the formed oart.
After etchine, it is necéssary to flust} the part as often as '
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7.3.3 MNotes: (Cont'd.)

necessary, and perform a simole gqualitative analysis to assure

I

that po steo) reinainz.
A Math f ™nes Part in n Stainless Steel ©

2.4.7 The Protlem: A method Qas sought wherehy a ,,thindwa]i Tiungsten thermo-
. éouple stem could be gripped cecarsly in a sta;in’,ess‘ tteul body
withont 1. exertim messive compressive stresscs on L “he
Tonpaten tube 2.) ovorheatlnr the Tungsten by brazing
3.) endangering the T:mgsten by proximity to molten steel

during a velding process.

2.4.2  The Solution: A Tmesten slur, machined to the donble truncated conical
| shape shown in ACIL, Drawiﬁg %0. 4735-21, was assembled to the

fom!nﬂ mandrel as picturec!. D-.xring the thernochemical for-
mtion proceas, the slug ie made an 1ntegra1 part of the sheath
asrmmbly, The stainiess steel body was machined internally to
raceive the front conical surface of the Tungsten slug. The ”
throaded nut vas machined with ite internal configuration such
‘that 1t matched the aft conical surfacé of the slug. When the
nat i¢ tigﬁtémd, the 1oad ic taken by the slug, rather @lnn”
the thin wall of the sheath. At the ssme time, the sheath was
centared in the body, with excellent &lignment.

2.4.3 ﬂotns“ In the as-received condition, minor irregularities vere seen in
| ~ the conical surfaces. Light surface grinding served to remove
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2.4.3 Yotes:
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(font1a.)

the irregularities ,’thus providiﬂé smocth mating surfaces.

‘Light surface grinding was alsn required in scme instances on

the outside diameter of the .lug section, {t,o permit clearance
of the major diametor of the internal tody threads. 4 special

goamner wns mde to tighten the internal nut.

This method waz nsed in soms fifteen a?mblies and functioned

without failure. ’}t".er echemes incorporating various com- )
pression tybe fittimrs ’ worklng directly on the tubular sheath,
failed in more than 70.percont of the installations.

WMM&&MM&M

xial

The Pr"obl'ain: %o suitabla ?;iéh ﬁnpe’i“ature \‘eloctrical ir-mlators vere

AN
ANy

7

awailable for use above about 4200"?. T thm i mouplo tip
. was required to f*mction abcve NOS"F. A meens *ous reqnired
to permit use of f.};e_ themocoupl\e at thesc e;eéj':;er;z.&g\d tenperatnres.

©2.5.2 The Solution: Tests performed from ’00°F to #hw;” m',aor ‘revealed that

current leakage ‘lbatwen conductor was aw*g; xignificant, in this
requirement 1f the physical angu arity ‘mtvoon conductors vas
aﬁout g8°, at' about ﬂ‘rdlllvolts. The atmosphere vas varied
bctmn zi.r and Argon with no diccmiblo offoct. The ACL

Type 4735 probes vere so fabricated in & .mx'sl conﬂgmtion.

The centar conductor was ‘!'vmgsten 261 R!nnit-,‘tbe sheath was
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2.5.2 The Solution: (Cont'd.)

thermochemically formed Tungsten. Magnesia and :‘ﬂeryllia were
both used to iocate the center conductor with respect to the
sheath, "'heir use was reatricted to a zone vhere the te-p~
or;at1xre would not exceed 4700°F. The no-insula“ion length

was aéproximtgly 1.€ inches, measured from the inside of the

~ thermocouple tio.

T™e maximm phgsical spacing within the sheath was .7¢5 inch
betwern the ontside of the .720 center conductor and the inside

 of the sheath.

Probes so consiructed vere calibmbed to vithin 1% of the idml B

curve for Tungsten vs T'menten 26% Rhenfum at t.enperatures frow’

wooor to 5000°F.

2.6.1 The Problem: 1t was required to calibrate high temperature themo-

C

covmles in an inert atmsnhera at te-peratm'es between auhient
and- OHNNOP, ?xistinp fumaces of this tewerature cspability
d1d not. orovide elther the degrie of control, or accessi":ility

nocéssery. Neither tine nor -oney permitted obtaining a spocial-

.ized calibration oven fm an outside source. h

2.6.2 The qolution'; An eﬂsting AcL mt-oven, used in a previous project, was |

modified for the required use. The oven, bofors modification,

A

1
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2.6.2 The Solution: (Cont'd.)

18 described as foliovs: The body of the oven was machined
from graphite, and all surfaces were coated with plasma-
sorayed Zirconium Oxide. A steovped 1id, also of graphite

_and coated with Zirconium Oxide, prcvided a top closure. The
not incorporated a side port for an optically flat gquartz
window for optical pyrometer observations, a side port 180°

" away for an arc feed; bottom electrical connections ta the
povwer supoly,‘a;gon supply ports to both the opticil port and
the cot, and water cooling coils on the bis connection. The .

vhole assembly was mounted on a tripod base.

Tn original use a graphite crucible was located in the center
of the not, a heliarc torch was introduced through its side
port, and an arc was established against the wall of the graphite

crucible. Temperatures botween 5000°F and 6000°F were easily

attained.

In the modification, the graphite ¢rucible was replaced vith a
thermochemically formed Tungsten cavity tube, closed at one end.
TWo holes were eloxed in the tube; one at the bottom, .125 dia.

- for argon feed, the othér a viewing port in the side wall of
.062 dia., located suzh that when mounteé in the oven, the hole |
center was in line with the center of the quarti window. As in
the original, the heliarc was fired against the outside wall of

the Tungsten cavity. Thé cavity receptor was dimensioned such
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2.6.2 The Solution: {Cont'd.)

2.6.3 VYNotes:

that the heliare fired directly opposite the side viewing port.
Tn nse, the thermocouple junction was positioned within the

aprerture of ths hole.

In operat}on, the oven was purged with Argon prior to use. The
thermocouple; mounted on a laboratory stand, was introduced
into the cavity and fixed in position such that the junction
area was centered in the viewing port aperture. A Pyrometer
Cmpaﬁy, Model 95C, Micro-optical Pyrometer was set up with

a short focaluléngth lens and uasrfocused on the thermoéouple(
tip. Aﬁxiliary lighting was required for accurate focusing.
Aporopriate shields were set up as protection against altra-
viclet from the arc. The arc was then drawn, and power adjusted
for the désired rate of temperature rise. The €58 filter in
the‘optic&l pyrometer wss 1ns§rted, arnd the thermocoupie'yas .

observed for brightness match.

Nheh the desired temperature was reached, as indicat | by the

brightness match, & scan was taken to assure that there were

' no excessive graaients between the thermocouple and the val]

of the cavity.

The pover was initially scontrolled with tho heliare- foot pedai.
A large power rheostat was later added to porait fino control
at the higher-pouor settings Operation vas atrnightforunrd,

;‘o o,

‘e .. e e
SRICRLZLE TN Y B S S T IS
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: (Cvni’,'d.)

except at temperatures above LO0D0°F, vhere care was necessary
to orevent excessive heat. Small incremental thanges in power

setting thus precluded melting the Tungsten cavity.

Nther uses foreseen for this apparatus: One such use is in
presaring small samples of high'nelting point materials. Suit-
atle liners, or thimbles, could be inserted in the Tungsten

cavity for samples that are nci compatible with Tungsten.

2.7 Protection of Tungsten with Peposited Silicon

2.7.1 The Problem: Tungsten has a great affinity for oxygen, and forms a

series of oxides from about 600°F up. Since the sheaths of

.the thermocouples developed in this project are made of

Tunesten, it was necessary to extend their life by utilizing
a protective coating. Wost coatings uere'uné?tisfactory
because of 1) their reaction with Tungsten, 2) the formation

of entectics, or 3) thermocouple junction poisoning due to

diffusion through the Tungsten.

)

2.7.2 The Solution: A total solution of this problem was not found. It was

possible, however, to extend the 1life of the Tungsten by coat-
ing the sheaths with elemental Silicon. The protection afforéed
by this means extended the uséfhl)}ife of aunngsten ¥s Tungsten
265 Rheniim thermocouple by'asoﬁt ten times in a highly od-

dizing atmosphere, as compared with an :mcoated sheath. The

11
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2.7.2 The Solution: (Cont'd.)

2.7.3 Motes:

thickness of the coating was from .003 inch to .005 inch,
and was applied by a deposition process developed by 3an
Fernando Laboratories, Pacoima, California.

Although the ¢oating performed better than any other tried in

this projec‘i, certain precautions vere required. When the
themcoun'les vere ‘run in an Argon, or any inert atmosphere,
the 9111con could not combine with Oxyren, since there was
none presenf to form the two oxider Silicon Oxide (Si0) and
qulcon Dioxide (5102Y, and would not react ‘vi.th Argon, vhich

i3 inert.

Tn one t.est, run in Argon at about /.000"1?, the Sﬂicon -elted
and floved down to the tip of the sheath. Like a drop of water,
tha molten Silicon remained to form a bulbous mass on cooling.
This was obsomd only 1n the furnace zone of intense haating

Above this zone the %ilicon ooatinz wvas ‘undisturbed.

Without having Cxygen with which to combine, the Sﬂ#m re-
acted with the Tungsten to form Silicides. This vas as plamned,
to take advantage of the oxidation resi\stanee of the Silicidé

to exf.end the life 9( the shewth. However, without Oxygen
preseht to use .m excess Silicop,uthe Silicide coﬁtinued to

form until chemical equilibrium vas reached. Thus, the Junction
between the Tungsten and the Tungsten-Rhenium alloy ‘uas "boisoned”

12
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2.7.3 Notes: (Cont*d.)

by the presence of either diffused Silicon, the Silicide,

or both. As the junction was "poisoned” s new thermoelectric
system wae in o”ffect and an output curve, different from that
predictad, wvas seen. ‘!'his: sffect is irreversible, and can not
be vredicted emactly. ' y
r “'m'"ten tharmocouplas are to be siliconized, therefore,
ther must not bs run in an inert aimosphere unless they are
pre-oxidized to take care of excess Silicon. The 3ilicon
Dioxide forms quite early in the temperature rise, in the |
nreacn:s o 51730:\. It mslts at 3100°F and, being volatile,
is easily driven off. The Silicon Oxide dces not melt until

L4NECP, and tends to form a temacious, glassy fiim.

2.8  Developmont of an "MP wn Tempepature Curve for Tunesten vs Tuncwten
264 -32n°0 #5500°F

2,8.1 The Problem: Various curvas for the ﬁmésten-ﬂ:enim thergoelectrlc
| | system are aveilable from Battelle Memorial Institute,
Toskins Mfe. I(‘;ﬁ;,' and ':nglehgx;d Industries. Thess publishad )
curves commonly eovér the range 0°F to 4L200°F. Since this
o ‘project required investigation to 5400°F, an extension of the
| carve. was needed. Curves were obtained from Noskins to atout
S000°F and from Pnglehard to just over 5000°F. The curve

above 50N0°F was not found, nor was there a curve at temp-
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2.28.1 The ®roblem: (Cont'd.)
" eretures below O°F. ACL_ felt the lov end should be deter—
. mined because of the possibility of cooling the body of the

vrobe with LY, and the possible effect on transitions.

2,77 T Soliatien:  ATT. took mary ‘obsemtiomf of temperature vs 7F for
thotr mepinez 479 Marmocyiplss over the range from O - Wr,

~ to astsllish agreemrrt with t-c pullished curves. ZSood agree- -
rort, uas seer, Furiher calitratiors eztablished agreement in
the 42O0°F Lo S0N0°T rarge with both the "nglehard curve, and
a eurv~ otained from “oskins o7 m.)ecial request. “eer the end
of the vroject, several points over 5000°F vere established. .
T™e higheat temperature reached was 5400°F. It is felt that
the region from SOOF to 5400°F should be more thoroughly
investigated, although =17 poirts taken by ACL agreed with

avtripolations of the Yoskinz and Tnglzhard data.

At the low end, -~320°F to 0”F, ACL established a tentative
curve, which wvas later verified by Moskins, at ACL's request.
- The whole curve, from -320°F to 5400°F is included in the ACL

Suxwary RAport.



